OBJECTIVES: Deep sternal wound infection is a devastating complication of cardiac surgery. In the current era of increasing patient comorbidity, newer techniques must be evaluated in attempts to reduce the rates of deep sternal wound infection.
INTRODUCTION
Satisfactory sternal closure after cardiac surgery is essential to avoid the major morbidity of deep sternal wound infection (DSWI) and significant sternal pain in the recovery period. As patients undergoing cardiac surgery are becoming increasingly high risk for DSWI as well as other complications, new techniques must be evaluated to offset these increased risks.
Published series quote an incidence of DSWI of 0.3-5% [1] , with the ANZSCTS database quoting a 0.9% incidence in coronary artery bypass surgery patients in 2013 [2] . The associated mortality is recognized at 10-14% [3] ; however, more difficult to quantify are the enormous physical and psychological morbidity, increased length of stay and cost associated with DSWI.
Existing approaches include traditional stainless steel sternal wires in 'simple', 'figure-8' or more complex formations [4, 5] , 'Flat' wires [6] , plastic zip-tie-based systems [7] , sternal 'talons' [8] and interlocking steel plates [9] . While many of these systems appear to offer some advantage over traditional wiring techniques, particularly in high-risk patients, as yet no technique has definitively been proved to be superior [10] .
The Pioneer cabling system is a sternal closure system that uses titanium cables and a specially designed tightening rig that allows accurate and firm sternal closure after sternotomy. This trial was designed to determine if this system provided a better sternal closure than traditional stainless steel sternal wires in figure-8 formations and resulted in lower rates of DSWI and sternal pain.
METHODS
We performed a single-centre, prospective, single-blinded randomized controlled trial comparing sternal closure with traditional sternal wires in figure-8 formation with the Pioneer cabling system® also in figure-8 formation (Figs 1 and 2) .
Ethical approval was obtained from the Ethics Committee of Royal Perth Hospital (REG 13-020). Our study was retrospectively registered, after conclusion, with the Australian New Zealand Clinical Trials Registry: ANZCTR-ACTRN12615000973516.
All patients presenting for cardiac surgery at Royal Perth Hospital were screened for inclusion in the study. Our inclusion criteria were any patient of 18 years of age or older, presenting for first time elective, urgent or emergent cardiac surgery via full sternotomy and being able to provide informed consent. We excluded pregnant women, those with cognitive impairment or patients with a recent history of opioid analgesic use or intravenous drug use. Furthermore, patients undergoing redo sternotomy, cardiac transplantation, left ventricular assist device implantation or those requiring cardiopulmonary resuscitation (CPR) en route to theatre were also excluded.
Patients were referred and worked up for cardiac surgery as per our institution's usual practice. Consent for participation in the trial was obtained at the time of consent for the planned 
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B. Dunne et al. / Interactive CardioVascular and Thoracic Surgeryoperation was obtained. The patients were randomized 1:1, using block randomization, by a blinded research coordinator on the morning of surgery and the allocation was revealed to the surgical team just prior to the commencement of sternal closure via a sealed envelope delivered to the operating theatre. Baseline characteristics were recorded preoperatively. Operative characteristics were recorded by a member of the surgical team at the end of the procedure. If the operating surgeon felt that the patient had a very poor quality sternum at the time of closure, this was recorded. In our institution, cephazolin 1 g three times a day for 24 h was used for patients who underwent coronary artery bypass surgery and vancomycin 1-1.5 g twice a day for 24 h was used for patients who underwent heart valve surgery as perioperative antibiotic cover. For patients who required reoperation for bleeding, cephazolin was used for 5 days to prevent wound infection.
Our primary endpoint was DSWI as defined by positive cultures taken from the patient's sternal tissue or mediastinal biopsy at the time of reoperation.
Our secondary endpoints were sternal rewiring for any cause, reoperation for bleeding, mean time to extubation, pain scores and analgesia requirements on Days 3 and 5 postoperatively, total length of stay, analgesic requirement on discharge and 4-week pain scores. Data collection was performed by the surgical team while the patient remained in hospital. The 4-week follow-up interview was performed over the phone by a research nurse blinded to the treatment allocation of the patients.
Surgical technique
Sternal closure was performed using the same technique for both wires and cables. Either four wires or four cables were used in figure-8 format to approximate the sternum.
Analgesia and pain scores
A standardized analgesia protocol was employed to facilitate analgesia requirement monitoring. Pain scores on Days 3 and 5 postop were based on a validated pain scoring system, the Modified Brief Pain Inventory-Short Form (MBPI-SF) [11] . The 4-week follow-up questionnaire was conducted by a research coordinator, blinded to the treatment allocation, also based on the MBPI-SF (Supplementary material 1 and 2).
Statistical methods
We estimated our required sample size based on a 3% rate of DSWI in the wires group and a 1% rate of DSWI in the cables group and planned for 750 patients in each group.
Statistical analyses were performed using SPSS version 23. Means were compared using independent sample t-tests. Proportions were compared using χ 2 tests (or Fisher's exact test if observed counts <5). P-values of <0.05 were taken as statistically significant. Multivariable analysis by logistic regression was performed to examine the influence of the risk factors for DSWI in our cohort.
An a priori subgroup of patients at high risk for DSWI was selected for analysis. The patients in this subgroup were diabetic patients with a body mass index (BMI) of >30. They were analysed separately to assess the outcomes of wires compared with cables in this high-risk population (Tables 1 and 2 ).
RESULTS
A total of 277 patients were recruited into the study over an 18-month period between July 2013 and December 2014. Four patients died early postoperatively (1.44%) and so were excluded from further analysis. None of these deaths were associated with DSWI. There were 137 patients in the sternal wires group and 135 patients in the sternal cables group. Unfortunately, recruitment was stopped early as our surgical unit closed and merged with another unit in a new hospital and existing trials could not be transferred from the existing units to the new merged unit. In-hospital data were available and complete for all 273 patients. Follow-up data on rates of DSWI and sternal rewiring were complete for all 273 patients. Follow-up pain scores at 4 weeks were available from 249 patients (89.9%).
Baseline characteristics
The baseline and operative characteristics of both groups are displayed in Table 3 . The BMI for the patients in the cables group was on average slightly higher than those in the wires group (29.9 vs 28.1, P = 0.009). Other than this, there were no significant differences in baseline or operative characteristics between the two groups. An a priori subgroup of high-risk patients was selected. There were 21 high-risk patients in the wires group and 26 in the cables group.
Outcomes
The primary endpoint of DSWI was recorded in 0.7% (n = 1) of the patients in the wires group compared with 3.7% (n = 5) in the cables group. This difference was not statistically significant (odds ratio 5.23, 95% confidence interval [CI]: 0.6-45.37, absolute risk difference: −3.0%, 95% CI: −7.7 to 0.9%; P = 0.12, Table 4 ).
When the high-risk subgroup was analysed, the rate of DSWI was 4.7% (n = 1 of 21) in the wires group compared with 7.7% (n = 2 of 26) in the cables group. This difference was not statistically significant (P = 0.99).
Multivariable analysis of risk factors for DSWI was performed. Analysis revealed that no individual risk factor was significantly associated with DSWI in our series.
The wires group had a slightly higher rate of postoperative bleeding (4.3 vs 0.7%), but this was not significant (P = 0.12). However, none of these reoperations were for bleeding from wire-holes and cannot be attributed directly to the method of closure. Patients in the cables group were extubated earlier at 9.7 h postoperatively compared with the wires group at 12.8 h (P = 0.03).
The pain scores on Day 3, Day 5 and at 4 weeks were similar between the two groups, as were the analgesia requirements at Day 3, Day 5 and on discharge.
DISCUSSION
Median sternotomy remains the most common incision for cardiac surgery despite the advance of minimally invasive techniques in recent years. The patients undergoing cardiac surgery in the current era are older and have more comorbidities than previously evaluated patients. These patients are at higher risk of sternal complications and every care must be taken to prevent these often devastating events.
The Pioneer cabling system® has been shown, in a recently published, retrospective, propensity-matched series to produce equivalent rates of mediastinitis (0.8 vs 1.0%) and sternal reconstruction (1.3 vs 1.3%) to traditional sternal wiring techniques [12] . A second retrospective series examined the rate of removal of cables compared with sternal wires for chronic pain in a paediatric population and found a higher incidence in the cables group (10.4 vs 0%, P = 0.008) [13] .
Our study is the first prospective, randomized trial comparing the Pioneer cabling system with traditional stainless steel sternal wires. We have shown that the Pioneer sternal cabling system®, while providing a stable closure, does not reduce the incidence of DSWI in the routine adult cardiac surgical population or in patients at high-risk DSWI.
There is evidence that in a high-risk patient cohort, the risk of DSWI and mediastinitis can be reduced with the use of sternal plates [14] . However, sternal plates are prohibitively expensive and so should be used only in those truly at high risk of DSWI. There have been conflicting results comparing the efficacy of standard sternal wiring techniques with that of lateral reinforcement techniques with Aykut et al. [4] , showing some benefit but the large randomized trial by Schimmer et al. [15] failing to demonstrate an advantage. A number of investigators have failed to definitively establish the superiority of one technique over traditional sternal wiring in the routine cardiac surgical population. These have included the Flatwire [6] and Zipfix [7] systems, Mersilene tape [16] and sternal talons [8] . Similarly, our series has failed to provide the evidence to supplant stainless steel sternal wiring as the predominant method of sternal closure after cardiac surgery.
Limitations
The last consideration is the limitations of this study. The incidence of DSWI was low in our patients and hence our study was underpowered to detect a significant difference in DSWI between the two groups. Our results suggest that a sample size of over 650 per group is needed to detect a statistically difference between the two groups if the incidences of DSWI for the two groups are 0.7 and 3.7%, assuming 80% power. The subgroup of the patients at high risk of DSWI was thus similarly underpowered to conclusively exclude benefits or harms of the cabling system compared with the standard sternal wires technique.
CONCLUSION
Sternal cables do not reduce the rate of DSWI compared with the standard sternal wires closure technique for patients undergoing adult cardiac surgery. Although there was a suggestion that the use of the cabling may reduce duration of mechanical ventilation after surgery, this result was not associated with better pain control or shorter length of hospital stay. Until proven otherwise by a larger randomized controlled trial, the traditional sternal wires closure technique remains as an economic and safe option for patients undergoing adult cardiac surgery.
